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Improvements in Variable I 

We, Wallace & Tiernan, Incorporated, 
a Corporation organised and existing under 
the Laws of the State of Delaware, United 
States of America, of 100, West Tenth 

5 Street, Wilmington, Delaware, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de- 

10 scribed in and by the following statement : — 
The present invention relates to variable 
speed driving mechanisms for driving a load 
at an average speed which is continuously 
variable over a wide range. 

15 Many variable ratio driving mechanisms 
have been constructed in which the speed 
of an output shaft is variable over a wide 
range while the speed of an input shaft re- 
mains constant. In such previous mechan- 

20 isms, the output shaft rotates continuously 
at all speed settings. The problem of pro-, 
viding a continuously variable output shaft 
speed with a fixed input shaft speed is mech- 
anically very difficult, and the previous de- 

25 vices have been either very complex or they 
have included mechanical elements which 
required close dimensional tolerances. In 
either case, the construction and maintenance 
costs have been excessive. 

30 Some loads, requiring operation at vari- 
able speeds, also require that the shaft driv- 
ing them be continuously rotated. Many 
such loads which are at present driven with 
continuously rotating shafts may, however, 

85 be successfully operated with an intermittent 
drive, providing the average speed of rota- 
tion of the shaft is continuously variable over 
a wide range. Among the loads which may 
be successfully operated with an intermittent 

40 drive are feeding mechanisms for many 
chemical and industrial processes. For ex- 
ample, a device for feeding dry material, such 
as shown in the co-pending Application No. 
11,731/53 (Serial No. 724.475), may be suc- 

45cessfully operated by an intermittent drive 
[Price 3 /-] 



Ipeed Driving Mechanisms 

for most of its applications. 

According to the present invention, a 
variable speed driving mechanism includes a 
clutch interposed between a driving shaft and 
a coaxial driven shaft and engaged and dis- 50 
engaged by relative axial movements of the 
two shafts, and one of the shafts is recipro- 
cated so as to engage the clutch for a pro- 
portion only of each revolution by means of 
a cam and follower device adjustable so as 55 
to vary the proportion of a revolution dur- 
ing which the clutch is in engagement. Thus 
the driven shaft is driven for only that por- 
tion of a revolution during which the clutch 
is in engagement and its average speed is re* 60 
duced accordingly. In other words, the aver- 
age speed of the driven shaft will be approxi- 
mately the same proportion of the speed of 
the driving shaft as the proportion of each 
revolution during which the clutch is en- 65 
gaged. 

By suitably adjusting the cam and follower 
device, the speed of the driven shaft may be 
correspondingly adjusted, and preferably the 
cam and follower device is so designed as 70 
to enable this adjustment to be carried out 
continuously over a range lying between 0 
and 100 per cent of a revolution. Thus in 
one extreme position the clutch is not en- 
gaged at all and the driven shaft does not 75 
turn, while in the other extreme position the 
clutch is continuously engaged and the driven 
shaft turns at the same speed as the driving 
shaft. For intermediate positions of adjust- 
ment, the speed of the driven shaft is a cor- 80 
responding fraction of that of the driving 
shaft. 

Mechanism in accordance with the inven- 
tion will now be described in more detail by 
way of example with reference to the accom- 85 
panying drawings, in which : 

Fig. 1 is a sectional view of the mech- 
anism; 

Fig. 2 is an elevational view of the internal 
parts of the mechanism of Fig. 1, showing 90 
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the parts in a different operating position; 

Fig. 3 is a developed view of tide cam sur- 
faces and the followers, showing diagram- 
matically the positional relationship of the 
5 follower rollers to the cam surfaces under 
various operating conditions; 

Fig. 4 is an oblique view of the cam and 
follower mechanism; and 

Fig. 5 is a sectional view similar to Fig. 

10 1 illustrating a modified form of variable 
driving mechanism. 

Referring to Figs. 1 to 4 of the drawings, 
there is shown a casing, which may be filled 
with oil. Journalled in the casing 1 is an 

15 input shaft 2 on which is fixed a gear 3. Hie 
gear 3 meshes with a gear 4 fixed on a shaft 
5, hereinafter termed the driving shaft. A 
clutch plate 6 is mounted on the left-hand 
end of shaft 5, as viewed in the drawings. 

20 The clutch plate 6 co-operates with a driven 
clutch plate 7 mounted on a driven shaft 8, 
which is hollow and concentric with the shaft 
5, and rotatably and slidably mounted on the 
shaft 5 and journalled in the casing 1. The 

25 driven shaft 8 has fixed thereon a gear 9 
which meshes with a gear 10 fixed on an 
output shaft 11 journalled in the casing 1. 

The end of driven shaft 8 opposite the 
clutch plate 7 carries a bearing 12. A spring 

30 13 is retained in compression between the 
bearing 12 and the gear 4 and biases the 
driving and driven shafts for relative move- 
ment in a sense to hold the clutch plates 6 
and 7 in engagement. 

35 The clutch members 6 and 7 are intermit- 
tently engaged and disengaged by recipro- 
cation of the driving shaft 5. This recipro- 
cation of shaft 5 is produced by mechanism 
for producing reciprocation from continuous 

40 rotation, and which appears at the right- 
hand side of Figs. 1 and 2. 

The right-hand end of shaft 5 is journalled 
in a wall of the casing 1. Within the casing 
1 and spaced from the right-hand end, the 

45 shaft 5 carries a follower mechanism includ- 
ing a yoke 14 mounted on a pivot pin 15 
which extends perpendicularly to the axis of 
shaft 5. The yoke 14 carries diametrically 
opposite, outwardly projecting pins 16, per- 

50pendicular to the pivot pin 15. Follower 
rollers 17 and 18 are journalled on the pins 
16. 

The rollers 17 and 18 co-operate as fol- 
lowers with a pair of concentric adjacent 

55 cylindrical cams 19 and 20. The cams 19 
and 20 have complementary projections 19a 
and 20a and recesses 19b and 20b. The 
inner cam 20 is fixed to the casing 1. The 
outer cam 19 is angularly adjustable with 

60 respect to the cam 20. For the purpose of 
adjustment, the cam 19 is provided on its 
outer periphery with a worm gear 21 which 
co-operates with a worm 22 fixed on a shaft 
23. Shaft 23 extends outside the casing 1. 

65 A bevel gear 24 and a hand wheel 25 are 



fixed on the shaft 23 outside the casing 1. 
The bevel gear 24 co-operates with another 
bevel gear 26 to drive a register mechanism 
27. The roller followers 17 and 18 are wider 
than the cams 19 and 20, and the followers 70 
overlap both cams. Consequently, if a por- 
tion of a projection on one cam is radially 
adjacent a portion of a recess on the other, 
the projection, rather than the recess, deter- 
mines the axial positions of the followers 75 
as they become radially aligned with those 
adjacent cam- portions. 

The clutch plate 7 has a larger diameter 
than the clutch plate 6. A stop plate 28 is 
mounted on one end of the casing 1 by means 80 
of studs 29. The stop plate 28 has an aper- 
ture 28a which is larger in diameter than 
the clutch plate 7. 

When the parts are in the positions shown 
in Fig. 1, the clutch plates 6 and 7 are held 85 
in engagement by the spring 13. The clutch 
plate 7 is spaced from the stop plate 28. In 
the particular angular position of the rollers 

17 with respect to cams 19 and 20 which is 
shown in Fig. 1, the assembly including the 90 
shafts 5 and 8, yoke 16 and rollers 17 is free 
to float between a position in which both the 
rollers 17 and 18 engage the cams 19 and 
20, and a position in which the clutch plate 

7 engages the stop plate 28. As long as 95 
that assembly floats freely between those two 
positions, the input shaft 2 remains in driv- 
ing connection with the output shaft 8 
through the clutch 6, 7. If the assembly is 
floating in the position where the clutch 100 
plate 7 engages stop plate 28, there will be 
no tendency for the clutch plates to separ- 
ate, since the spring 13 is still effective to 
hold them together. Furthermore, there will 
then be no substantial friction between the 105 
clutch plate 7 and the stop plate 28 since 
there is substantially no force holding those 
surfaces together. 

If the assembly floats in the right-hand 
position, its movement in that direction is 110 
stopped only when the roller 17 engages pro- 
jections 19a and 20a, and roller 18 engages 
recesses 19b and 20b. However, such en- 
gagement of the cams and rollers has no 
effect on the engagement or disengagement 115 
of the clutch, nor does it apply apy substan- 
tial frictional load to shaft 5. 

The clutch members 6 and 7 are disen- 
gaged only when the diametrically opposite 
followers 17 and 18 move into engagement 120 
with diametrically opposite portions of the 
projections 19a and 20a. In the normal op- 
erating condition of the mechanism of Figs. 
1 to 4, the cams 19 and 20 are positioned 
angularly relative to each other so that at J 25 
least portions of the projections are diamet- 
rically opposite. When the followers 17 and 

18 engage those diametrically opposite por- 
tions of the projection, the yoke 16, the pivot 
pin 15 and the shaft 5 are shifted bodily to 130 
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the left from the positions shown in Fig. 1 
to the positions shown in Fig. 2. During this 
movement, the periphery of clutch plate 7 
engages stop plate 28, thereby stopping the 
5 driven clutch plate 7 from following clutch 
plate 6 so that the clutch plates are separ- 
ated. This engagement of the stop plate 28 
by the periphery of clutch plate 7 is effective 
not only to separate the clutch plates 6 and 

10 7, but also the friction between the stop 
plate 28 and the clutch plate 7 has a brak- 
ing effect on that clutch plate, so that the 
output shaft 11 and its load are stopped 
from rotating substantially immediately as 

15 soon as the clutch is released by simultane- 
ous engagement of the rollers 17 and 18 
with the cam projections. 

In this position of the parts, spring 13 is 
effective to hold the periphery of clutch plate 

20 7 in engagement with the stop plate 28, and 
is also effective to hold the followers 17 and 

18 in engagement with the cams 19 and 20. 
On each of the cams 19 and 20, the pro- 
jection extends through 180° of the periphery 

25 and the recess extends through the remain- 
ing 180°. With this arrangement, the cam 

19 may be adjusted relative to the cam 20 
from one extreme position shown in Fig. 3A, 
wherein the projections of the two cams are 

30 diametrically opposite each other, to an op- 
posite extreme position shown in Fig. 3B, 
wherein the projections are aligned with each 
other. A half-way position is illustrated in 
Fig. 3C, wherein the projections of the two 

35 cams are offset by 90°. 

When the two cams are in the relative posi- 
tions shown in Fig. 3A, both rollers 17 and 
18 are always engaging a cam projection, so 
that as the driving shaft 5 rotates, it is con- 

40 tinuously maintained in the axial position 
shown in Fig. 2, wherein the clutch plates 
6 and 7 are separated and the output shaft 
is not driven. 

When the cam 19 is shifted to the position 

45 shown in Fig. 3B, one of the two rollers is 
always engaging a recess, so that the driving 
shaft 5 remains in the position shown in Fig. 
1, the clutch plates 6 and 7 remain in en- 
gagement, and the output shaft 11 is con- 

50 tinuously driven. 

When the cam 19 is adjusted to the posi- 
tion shown in Fig. 3C, the rollers 17 and 18 
are operated in a repeated time sequence 
such that the clutch is operated in a cycle 

55 including a period during which both rollers 
engage projections and the clutch is disen- 
gaged followed by a complementary period 
during which one roller engages a recess and 
the clutch is engaged. If the rollers 17 and 

60 18 start in the positions shown in solid lines 
in Fig. 3C and move to the positions shown 
at 17a and 18a in dotted lines, it may be 
seen that the right-hand roller 18 will remain 
in a recess until it reaches the leading edge 

65 of the projection 19a. When it moves up on 



the projection 19a, both rollers will be on 
projections, since the left-hand roller 17 re- 
mains on the projection 20a. This condi- 
tion continues for 90 c of rotation of the shaft, 
until the left-hand roller 17 passes off the 70 
end of projection of 20a. The left-hand rol- 
ler 17 remains in the recesses for another 90° 
of rotation of the shaft, at which time it, in 
turn, is lifted by the projection 19a. With 
this arrangement, it may be seen that the 75 
clutch plates 6 and 7 remain engaged for 
90° of rotation of the drive shaft 5 and then 
are disengaged for 90° of rotation of that 
shaft. This cycle is repeated each half-re- 
volution as long as the drive shaft rotates. 80 

The proportional relationship between the 
complementary periods of clutch engagement 
and disengagement may be varied by adjust- 
ment of the angular position of cam 19. Fig. 
4 shows the cams in a position where the 85 
cam 19 has been offset by an angle less than 
90' from the position of the inner cam 20. 
It will be readily understood that by shift- 
ing the outer cam 19 with respect to the 
inner cam 20, the magnitudes of the angles 90 
in each half-revolution of the driving shaft 
through which both rollers 17 and 18 re- 
main continuously engaged with projections 
may be varied from 0% as shown in Fig. 3B, 
through 90% as shown in Fig. 3C to 180°, 95 
as shown in Fig. 3A. Consequently, for a 
given fixed speed of the input shaft 2, the 
average speed of the output shaft 11 may 
be varied from zero to a maximum value de- 
termined by the ratios between the gears 3, 100 
4 and 9, 10. For any multiple of half -revo- 
lutions of the driving shaft 5, the output 
shaft 1 1 may be accurately driven through a 
corresponding number of half -revolutions 
whose proportion with respect to the input 105 
shaft revolutions is determined by the set- 
ting of the hand wheel 25. The register 27 
may be conveniently arranged to read the 
percentage of output revolutions to input re- 
volutions (taking into account the gear ratio 110 
between the input and output shafts). 

Although the cam adjusting mechanism is 
illustrated as being operated by a hand wheel 
25, it will be readily recognised that any 
other suitable operating device may be sub- 115 
stituted, including various types of automatic 
control. 

The cam contours may be varied from 
those illustrated as determined by the re- 
quirements of any particular installation. 120 
For example, the projection of one cam may 
be made shorter than 180°, while the pro- 
jection of the other cam is made equal to 
180\ With such an arrangement, it would 
be impossible to adjust the cams so as to 125 
secure continuous rotation of the output 
shaft. Alternatively, the projection on one 
cam could be made longer than 180°, while 
the projection on the other cam is made 
equal to 180°. With such an arrangement, 130 



BNSDOCID: <GB 73231 9A_J_> 



the cams could not be adjusted so that the 
output shaft would remain stationary. 

Another possible alternative would be to 
make one cam projection angularly greater 
5 than 180\ and the other cam shorter than 
the complementary angle required to com- 
plete the full circle. The output shaft would 
then have a minimum average speed greater 
than zero and a maximum average speed less 

10 than continuous rotation. In this way, any 
desired limits could be applied to the range 
of proportions of the input shaft speed at 
which the output shaft is operated. . 
The braking arrangement illustrated might 

15 be modified in several respects. The rotat- 
ing braking surface need not be on the peri- 
phery of the clutch plate 7, as illustrated, but 
may be on any part which rotates and moves 
axially with the driven shaft 8. If desired, 

20 a non-braking stop arrangement could be 
used for limiting the axial movement of the 
driven shaft 8 instead of the braking stop 
arrangement shown. Such a non-braking 
stop would be used with a load which tends 

25 to brake itself. 

The floating arrangement of the shafts 5 
and 8, as described above, reduces the wear 
on the cams and rollers, since those parts 
are loaded only when both rollers 17 and 18 

30 are engaging projections on the cams. If the 
floating action is undesirable for any reason, 
another biasing spring can be provided, for 
example, between the left-hand side of cas- 
ing 1 and the gear 9, so as to hold the rollers 

35 17 and 18 continuously in engagement with 
the cams. 

Fig. 5 illustrates a modified form of vari- 
able driving apparatus in which the clutch 
is engaged when both rollers 17 and 18 are 

40 riding on cam projections, rather than being 
disengaged at that time as in the construc- 
tion shown in Figs. 1 to 4. In this modifi- 
cation, the driving shaft is axially biased 
continuously so that the rollers 17 and 18 

45 always ride on the surfaces of the cams 19 
and 20. 

In Fig. 5, those parts which correspond in 
structure and in function to their counter- 
parts in Figs. 1 to 4 have been given the 

50 same reference numerals as those counter- 
parts and will not be further described. 

In Fig. 5, the gear 3 drives a gear 40 fixed 
on a driving shaft 30 which is journalled in 
the right-hand side of the casing 1. The 

55 driving shaft 30 corresponds generally to the 
driving shaft 5 of Fig. 1, and supports the 
yoke 14 by means of the pivot pin 15 in a 
similar manner. 

Outside the casing 1, the end of shaft 30 

60 rotatably supports a spring retainer 31 by 
means of a bearing 32. A compression 
spring 33 is held between the retainer 31 
and the right-hand side of casing 1. The 
spring 33 biases the shaft 30 to the right, so 

65 that the rollers 17. and 18 are continuously 



held in engagement with the cams 19 and 
20. 

The driven shaft 34 is aligned with the 
driving shaft 30 and is journalled in the left- 
hand side of the casing 1. On its right- 70 
hand end, the shaft 34 carries a gear 35 
which meshes with the gear 10 on the out- 
put shaft 11. The right-hand face of gear 
35 serves as one plate of a clutch, the other 
face being formed by a clutch facing ring 36 75 
attached to the left-hand side of gear 40. 
Near its hub, the gear 35 carries on its left- 
hand side a bearing 37. A spring 38 is re- 
tained in compression between bearing 37 
and the left-hand wall of casing 1. The left- 80 
hand end of shaft 34 carries a stop flange 39. 
As shaft 34 is moved to the right by spring 
38, flange 39 engages the left-hand wall of 
casing 1 and limits that movement. 

The operation of the mechanism shown in 85 
Fig. 5 corresponds generally to that shown 
in Figs. 1 to 4, with certain exceptions in- 
cluding those noted above, namely, that the 
clutch is engaged when the rollers 17 and 18 
are both engaging cam projections, and that 90 
the rollers 17 and- 18 are continuously biased 
into engagement with the cams 19 and 20. 
Another difference in the operation is that 
there is substantially no braking action be- 
tween the flange 39 and the left-hand side of 95 
the casing 1. 

Thus when both the rollers 17 and 18 are 
riding on cam projections, the shaft 30 is 
moved to the left against the action of the 
spring 33 so as to engage the clutch and 100 
also to move the driven shaft 34 slightly to 
the left against the action of the spring 38 
and thus to free the stop flange 39 from the 
left-hand wall of the casing 1. 

The mechanism shown in Fig. 5 has been 105 
successfully used to drive a counter-weight 
along the lead screw of a scale beam. The 
apparatus shown in Figs. 1 to 4 has been - 
used to drive a dry feeder of the type illus- 
trated in the co-pending Application No. HO 
11,731/53 (Serial No. 724,475) previously 
mentioned. It is, therefore, apparent that 
the present invention is capable of applica- 
tion to a wide range of loads, and that it is 
not limited to any particular field of use. 115 

What we claim is : — 

1. Variable speed driving mechanism in- 
cluding a clutch interposed between a driv- 
ing shaft and a coaxial driven shaft and en- 
gaged and disengaged by relative axial move- 120- 
ments of the two shafts, in which one of the 
shafts is reciprocated so as to engage the 
clutch for a proportion only of each revolu- 
tion by means of a cam and follower device 
adjustable so as to vary the proportion of a 125 
revolution during which the clutch is in en- 
gagement. 

2. Mechanism according to Claim 1, in 
which the adjustment may be carried out 
continuously over a range lying between 0 130- 
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and 100 per cent of a revolution. 

3. Mechanism according to Claim 1 or 
Claim 2, in which the driven shaft is braked 
during each interval when the clutch is dis- 

5 engaged. 

4. Mechanism according to Claim 3, in 
which the braking of the driven shaft and 
the disengagement of the clutch occur simul- 
taneously. 

10 5. Mechanism according to Claim 3 or 
Claim 4, in which the two shafts are so biased 
as to press the clutch members together, and 
the driving shaft is reciprocated so as to en- 
gage and disengage the clutch, a stop mem- 

15 ber being provided which prevents the driven 
shaft following the driving shaft into one 
of its axial positions, with the result that 
the clutch members are separated against 
the effect of the bias and at the same time 

20 the driven shaft is braked. 

6. Mechanism according to Claim 5, in 
which the two shafts are biased by means 
of a compression spring situated between 
flanges on the shafts. 

25 7. Mechanism according to any one of 
Claims 1 to 4, in which the driving shaft is 
spring biased in a direction such as to sep- 
arate the clutch members and the driven 
shaft is spring biased into contact with a 

30 stop in a direction such as to engage the 
clutch member, with the result that when 
the driving shaft is moved against its spring 
to engage the clutch, the driven shaft is 
moved away from its stop against its corre- 

35 sponding spring. 

8. Mechanism according to any one of 
the preceding claims, in which the follower 
device comprises a yoke pivoted to the driv- 
ing shaft to turn about an axis perpendicular 
40 to that of the shaft and carrying a pair of 
diametrically opposite cam followers co-op- 
erating with a pair of circular end-cam sur- 



faces concentric with the driving shaft and 
lying one outside the other, the cam surfaces 
each being narrower than the radial width 45 
of the cam followers which thus overlap both 
surfaces; each cam surface is formed with a 
projecting portion and a recessed portion, 
the cams being rotatably adjustable in rela- 
tion to one another so that when a recessed 50 
portion of one surface lies adjacent a pro- 
jecting portion of the other surface the latter 
determines the position of a cam-follower 
bearing against it and the arrangement is 
such that when, during a revolution of the 55 
driving shaft, both cam followers are bear- 
ing against a projecting portion the driving 
shaft takes up an axial position in which a 
spring is compressed, while in all other posi- 
tions of the cam followers the spring moves 60 
the driving shaft to another axial position so 
as to produce the required reciprocation. 

9. Mechanism according to Claim & in 
which the projecting and recessed portions 
on each of the cam surfaces each extend over 65 
a semi-circle and one of the cams is adjust- 
able angularly through one hundred and 
eighty degrees, so that when the projecting 
portions are diametrically opposite one 
another the shaft is maintained continuously 70 
in one axial position while when they are 
alongside one another the shaft is main- 
tained continuously in the other axial posi- 
tion. 

10. Mechanism according to Claim 1, con- 75 
structed and operating substantially as de- 
scribed with reference to Figs. 1, 2, 3 and 

4, or with reference to Fig. 5 of the accom- 
panying drawings. 

For the Applicants, 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52, Chancery Lane, London, W.C2. 
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